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PARTICLF ACCFLERATOR CONTROL AND DATA ACQUISITION
IN THE CONTEXT OF VAX/UMS*

Stuart C. Schaller and Jamil K. Ccrley
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

The Los Alamos Meson Physics Faciliry (LAMPF) Control

monitors

10,000 widely disparate
Control

uni form application program
Jevice

asynchronous operations,
multiprocess interactions.
hardware 18 continually

non-privileaed environment.

This paper descrihes the LAMPF Data System design

Syatem

and controls a linear accelerator through more than
I1/0 devices. The

heart of the

System software {8 the Data System, which provides a
interface
namen . In many ways the Data Syatem parallels the
VAX/VMS Record Management Services (RMS) in 1.8
protectlon, and
Since the
changing, 1t 1is
privileged codc be kept to a minimum or be

based on eymbolic
needs for
locks for
accelerator control
import int that
testable In a

innluding

the use of VAX/VMS user written system services (both kernel

and supervisor mode), a user surplied imige rundown
lock manager, and n large (3.5 Mhvte) protected

the VAX/VMS
plobal mection.

INTRODUCTION

The los Alamos Meson Physice Facl.ty (LAMPF) at los
Alamon Natfonal  Laboratory {r na  linear proton
accelerator capable of accelerating hvdragen fons to
an  encrypy ol ROD MEV,  The N+ ‘njector can produce
one mill1{amp henams of protons, Two other Injectors
produce  lewsn  Intenwe heams of 11+ and polarized H-
fonsg . The linear necelerntor (Minac) accelerates
one  to two millf{second bursts of fons 120 timen n
mecond,

At the ond of the linne, the heamn pansn throuph n
awltehivard  contalning maenetn which direct them te
the  appropriate oxperimental NreaR . In the
experimertnl  arean, the nucleans are used directly
for micle o phyates renearch, or they are ueed to
qguant {tlten of  pl-  and mu=-mesons
whteh  are thempuelvesn  collimated  nto necondary
heamn, "iph  Intennlty bhureta of weutronn can alno
bhe produced for neatron phvelen work, and, the
partielen are uned for
rivdin={not ape

produce  coploua

remaintng
experimentn Al

matn heam ntop,
nevt rine phvulen
product tan,

The LAMPY Control Syntem (1LOCS)  {w rewponulble  for
controlling  the Injectorn, linac, sawitchvard, and
primary  beam  linen (u, to the plon/neut ron
product fon tarpetn  amd primary heam wtope). More
than 10,000 data acquikltton and contral devicen are

Mork performed under the aunpfeen of 5 Department

aof Faeppy

rout {ne,

loca:+d along the one kilometer length hetween the
injectors and the heam stups. The LCS bata System
provides application programe ({.e., those programs
which actually dea) with the physles and operation
of the accelerator) with a uniform {nterface to the
devices that  control and  Lcquare data from the
accelerntor.

Thir paper demcrihben the LCS Data Svatem design  and
fmplementation. The first half of the prper deals
with the TAMPF Control Svyktem context and the Data
Svetem  design goalr  and requirements. The Recond
half dealn with the {mplementation of the Data
Syatem, pavieg  particuir attention to the uke of
the VAX/VMS operating avatem,

THI LAMPE CONTROL SYSTEM
lHnlnrry

The original LAMIY Control Svatem war written for a
Syutemn  Fapgineering  Lnboratory (SEL)Y BAD computer,
Locally denfgned Remote Inrtrumentation and  Cortrol
Vgulpment  (RICEY  hardware provided relatively high
apeed  acceean to acceelerator aata and controla,
Fventually, additional  acecelerator data at higher
ditn acquinition raten wore made  avallable  through
CAMAC (IERE Std "8y = 197%) tnterfaces addresned by
remote POP-11 computern, The rvemate  PDP-lla sope
Hnked to the SEL=BAO via loenally denfpgned CAMAC
data 1ink nodulen,



Several years ago, a decision was made to replace
the SEL~B40 with a VAX-11/7R0. The older computer
was becoming difficult to maintain and the control
syatem software difficult to modify. An interesting
discuseion of the problems of a production
environment contrnl computer upgrade may bhe found 1in

[11.

Current System Configuration

The new VAX-based LAMPT Control System hardware
organization {8 8hown {in Figure 1. This is the
ronf ! uration the LCS Data System must handle. The
VAX-11/780 = used as the central control computer -
is at the hub of a star network. All application
programa which communicate with the accelerator
operators run on this computer.
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Flgure 1 = LAMPF Control System Context

The RIU=11 tw a PDP=-11/34 compurer used to dual-port
the RICE aystem to the VAX and the SEL computers
during the upprade process. The RIU=11 accepts
menaages from the control computer and causes RICE
dnta takes and commands te be lasued through the RIU
(R1CE  Interface lUnit). The RIU=11 alAo recefves
timing nignals and pate Information from the LAMPF
Matter Timer (MT). Thewse mipnals allow the RIU=11
to make Uimed and untlmed RICE  data take requestsr
with wpecific timing pate configurationn,

The NET=11 ts a PDP=11/% whifeh in uned to dunl-port
the remote PDP=118 during the upprades Tt awltches
mennnges between the control computer and the remote
PNpP=11n. The remote PDI'=11n contaln mRoftware which
Allows the contro!l computer to directly address
CAMAC devices  In the anpociated CAMAC craten.  In
addition, the remoten alro contain software  for
oxtremely time—dependent  datna acquisttion  tanka
(ruch an acquiriog beam profilen).

Note that the VAX control  computer doen not  do
ronl-time dotn nequisaition, 1t only needn to
rerpond  to operator  requests o human response
timen. A1) heam=pulere=relnted, real=time proceaning
oeeurs fn the RIU=11 or in  the remote PDP-11n
connectead  to the NET=11, Alno note that the VAX,
the RIU=11. nnd the NIET=11 aye located In clone
praxtmitv.  The RICE hardware and the renote ror-1iu
are  dintributed  throughout  the accelerator and
experimental arean.

DATA SYSTFM DESIGN
Goals and Requirements

At the time tae VAX wupprade was sgtarted, the
{ntention was to rewrite the application software
which existed on the SFL-840 control computer, but
not to modify software on other computers in the
control system. The LCS Data System was proposed to
help aimplify this immense task. The primary goal
was to introduce the Nata System as an Iinterface
between the VAX applications and 0I0-based message
exchanges between the control computer and other LCS
data acquisition hardware,

We wanted the Data System to be a robust software
system that was flexible and maintainable, and that
allowed a simple yet powerful application propgram
interface. To this end we wanted the application
programs to be as independent of the hardware as
possible. In particular, we wished to rrohihit the
use of hardwnre addresses hy applicatior programs.

The hardware that already existed (and the software
in the case of the remote computers) dictated
requirements for detailnd Data System deslgn. Since
several differant hardware protocols were in use,
the Data System had to Interpret the application
program read and command requests and perform the
appropriate hardware actions. “hie {ncluded cnses
where a Aingle request could result {n a number of
hardware actions, {.e., to es'ablish scet polnts  or
average data. In additfon, the Data System had to
allow default or cxplictt eoeciflcation of a
multitude of request parameters. These parameters
Included datn take tim'ng, command
request avnchronfzation, and optional
between raw and engincering unfun.

protection,
conversion

Since LAMPF {u a production facllltv aperating 24
hours a dav, the Data System hnd to be protected
agafnst acctdental wodificatfon, and [t had to have
a rich wet of dliaynostic toels for troubleshoot Iny
and development. We therefore wanted the ability to
monftor Data  Sydtem actlivity and the ability to
wimulate Datn Syetem  devicen during  applicattion
program develonment. We wanted the monltoring and
ARimulatfon canabilitien to be avallable nn n
avutem=wide, duovicoe-spectfic, or proceru-mpecitie
banin.

Hardware Tndependence

A aymhold de rfee=naming acheme  udlng  I0-character
"aperato  desipnatera’  which  had  been Inoune at
LAMPE fer RICE devicen wan  extoended  ta cover all
Datn Syutem furtnted  that  all
refercacen to acceelorator  devices by applieat fon
praprame he by operator denfgnntor. We nleo made
the sperator denipnators retlect the actual  phyiien
of the nceelerntor an oppoked to el lecting
ace fdentn of hardware addresn annfpnmentu,

devicen, Wo

Ty dmplement  the unfvernnl umMe ot operator
enlygnatorn, we  needed  aodatn hane denerthing the
devicern and n hatn Svatem inteviace nl lowing
applieat ton programn to make  read  amd o command
requentu vipg operator deripnntorn,



The 1.CS "Device Tahles" define the Data System
devices available tu the application programs and
provide the mepping from operator designators to
hardware information. The Device Tables, maintained
by a commercia data base management system, provide
a central location for all information about
accelerator devices, More 1informarion concerning
tte LCS Data System Device Tables may be found in
[2]).

Fach operator designator has an associated DNevice
Table FEntry. A Device Table Entry contains two
kinds of information about a device. The firsr kind
ia device characteristic information including the
domain (digital or analog), the dimension (scelar or
vector), allowable requests, the equipment type, and
the hardware address. The equipment type can be:
RICE - for devices in the RICE svstem; CAMAC - for
directly controllable CAMAC modules; Remote - for
devices defined by sc”tware in the remote PDP-l1ls;
or Pseudo = for devices defined by software 1in tne
VAX control computer.

The second kind of Device Tabhle Entry {nformation
describes the default parameters to be used for read
or command requests., If a program requosts a  read
on A devire nnd specifiern no additfonal parameters,
tho rend request will he defined hy the defaults
contalned in the associated Device Table Entry.
Default request Information includer: a delay gnate;
timing parameters allowing timing relative to a
gspecliflc edpe of a specific Master Timer gate; and
required beam Master Timer pate counfigurations.

NDATA SYSTEM IMPLEMENTATION
Langunper and 1 A_i_h_f'_n_ ries

The lanpuage used to {(mplement the Data Sywtom  was
the wtandard  languape uked  throughout  the LAMPE
control wyvetem,  FORTRAM. The limited FORTRAN
control structures were angmented hy uning a FORTRAN
proprocessor called FLECS,

The Dinta Svatem 1o a Ret of routines resfding In a
sharable  runtime 1Hbravy. We choore thin method of
fmplementatfon for  Lwo  reamonn, Firnt, (Ut wnn
fmportant  that a minor change not require relinking
the entire hase of application propgramn == a procesd
that could fuvolve an many an two thousand programs.
Socaond, wo needed privileaned code, wo  included  In
thiv Tihrm v were urer written wvatem rervices which
allowed the privileged Data Svutem operatfons to  he
|u'l'|ul'||||"| wilthoul the ll|1||l|l'lll|n|\ Proviains need g
upecinl privilepen.

Data System Global Sect lon

Wo reallzed tha: we needed  meveral  glohal  data
hanon ! for the Deyiee Table deviee denceiptionn,
for Manter Ttomer wtate Inform:t con, and  for global
fuformation  about  the Dacn Symtem and the atare of

current applieation program requesta. We decided to
plice  thene  datan bhanes inon wingle VAX/VMS global
wection, The Data Sviatem global pecticn 'm mapped
[ ench  program aning the Data Hvetem. Thuu

velferencen Lo Information tn the plobal arctfon me
Pandled by the VAYX/VAS pagtay, mechaninm.

Originally we had planned to access the Device Tabla=
data hase at run-time with a commerciel database
retrieval system. Prototype versions of the Data
System showed that this was simply too slow and that
ro other data baue management system was likely to
be significantly faster. We decided to keep the
commercial system for maintaining the device tables,
and we wrote a program which reada the Device Tahles
and builds *he global section containing the device
descriptions. Run~time access to a given device is
provided via an operatcr designator based hash
table.

For diaguostic purposes we wanted to have global
information on the gptate of the Data System,
processens using the Data System, devices currently
oren, and requests in progress. Hence we set aside
a nortion of the global section for dynamic
allocation of biocks of atorage describing open
devices, pending operations, and message buffers.
The dynamic block allocation/deallocation routines
are one of the few arecas of the Data Syastem where 1t
i1s necessary to go to kernel mode in order to raise
1PL to ASTDLL for preverting process deletion. Our
primary toul for synchronizing access to the dy.amic
portion of the global section 1is the VMS 1lock
manager.

To prevent application programe from {nadvertently
modifying 1{informatinn 1in the global section, the
section 18 protected (user real/supervigsor wiite).
Note that we require a mechanism to clean up the
global section 1f an application program terminates
abnormally.

Aoplication Program/ Data System Interaction

Figure 2 shows how a typlcal application program
interacts with the Data Syetem. An application
program that uses the Datn Svatem Ia linked with the
LCS  run time library. The Data  Svetem global
ket lon {8 mapped to the program’s  virtua) address
apace  wher  the  Data System I8 aswigned. The Dara
System routines then accean device descriptions in
the plobal wectlon and communlence with varlous 170
drivers to service the program’s  read nand  command
requetatue.

LG MN-TIR
LIDRARY
MTA SYSTEX GLOJAL SECTION
WPPLICATION MATA SYSTEN MEVICE MEGCRIPTIONS
DGR MOUTINES === mmmmmmaao
MODIN RENLESTS
(NWRIC)

T
L— L —
_

Flpure 2 = Applteat fon program vafng the Data Svntem



In some ineftances of a Data System request there are
a series of operations that must be performed before
the request is completed. This requirement coupled
with the desire to give the user asynchronous
capabilty prompted our decision to make the Data
System routines AST driven. The completion of each
QI0 to the various I/0 drivers is signaled via an
AST. If it is requested, the Data Svstem interface
will declare an AST for the application program.

User Written Svetem Se.vices

Most of the Data System user written system services
are in supervisor mode for three major ressons.

First, we wanted to protect che Data System global
gection from accidental corruption. We were willing
to grant read access to any process, but we neecded
to control write ac.ess. An elevated mode of access
seemed the most feasihle mechaniam for the Data
System to use to update the global sectirn.

Second, when the control computer is controlling the
bheam, we cannot take the mechire for system
dev:lopment time. We used supervisor mode as our
elevited access mude to minimize the {impact of
development and bug tracking. The advantages of
supervisor mode are that an exception in this mode
won't bugcheck the avstem and {s loss lilkely to
damage VMS.

Finally, there are 1inatances 1in the Datn System
request procedsing when one uRer request translates
into several 1/0 operatfons. We did not want the
NDatan  System to he blocked by a user’s ASTa, or by a
user heing at AST level. We therefore chose to  do
our 1/0 aperations {n supervisor mede so that the
Datn System ASTsR would be delivered {n  upervisor
mode .

Some of our system gmervices run In kernel mode.
These fncluded the aliocation and  deallocat!ton
routines for the gtobnl Rection dynamic  reglon,
routfnea  to wret and unset  privileger, and the
rontines entered via the uder rundown vector.

.SAl_mn‘l_n_l_l on n_n_(l_ Iln_&g_i_n_g_

The Data System allows both simulation  and
to he enahled or dinabled on  Aystem-wide,
procers=apeciflc, and device-spectfic  bagen. When
lopping 18 enabled, {nformat foa concerning Aelected
Data Syuwtem actionn Ik went to a system-wide Data
Svatem log  mallhox, The  Data Svyatem lop procers
paven the log entrien oa a dirk file which can he
fnterropated efther on=line or of f-line.

logpiny,

Stmulatton occurn fn a simtlar fanhton. 1If o uner’n
requent nimulat ton, the actior  leve

menpages are  sont o to  the  IMPEY (tmaginary  Menon
Phvaten Factlity) procens {natead of an 1/0 driver.
The IMPE procenn nimulatesn  LAMPE devices  on the
hardware  level  and returng an appropriate responne
to the Data Svsatem Interface,

requires

VAY/VMS EXPERIENCF

In many ways ovr implementacion parallels the
VAX/VMS Record Management Services {RMS), siqce our
requirements are similar.

We require device independence, and asynchronous
operations. We also need multi-process
synchronization and protection against accidental
interference with 1/0 sequences and uraurhorized 1/0
operations. In the case of RMS, synchronization ant
protection maintaln the 1integerity of the file
system. In our case they prevent accidentel device
movement, which could cause beam spll’ or device
damage.

The Data System runs in elevated modc to protect
data structures. The user rundown capnbilitles of
VMS allow the Data Sv-tem to complete or cancel
peniiug 1/0 at image rundown. In addition, the Data
System uses the VAX/VMS lock manager to cuordinate
accesse. Lo queues,

Our operatlon structurr -lgo para'lels RMS, The
NData System linkage {18 met up with an assipgn. HEach
device must he cpened. Any reries of reauests may
be 1ssued, in the form of recds, and commards.
These requeats are translated by the Data Sysiem
Into one or mcre Aactions  to be pecformed by the
approprinte driver or process. Notification of
completion comes to the Datn System routines via
ASTa, and [s passed on to the vuvser program. A
imape rundown, all connectlons are cleaned up via
the Dava Gystem rundown routivce.

One of the more Interesting aspects of  the project
wasg running in supervisor mode.

S{nce there is no  VMS wsuppiied chanpe mode Lo
Hupervisor system  service, we wrote a kernel mode
gystem Hevvice which enters supervisor mode using o
mechaniam mAimilar to the one used by VMS [or AST
delivery.

We were not able to set broakpolots o wupecvivor
mode  ukire the standa=d cebuppere An excontton in
superviror wet!n termini ted the procers, not juit the

{mape. We eventually wrote a wupevisor mole
condition handler to glve supervisor mode  exception
tracehacks. For arfer debuppging  we develaped o

pehoeme whove we coulld vun code o elther  wupervvinor
mode  or  uwer mode  hy  wsetting a eAwitel. Thin
nmochaniam aliowed un to une  the  production plohal
nect fon or wmaller test Heet lonu.
Wo anutpned o number of logteal  aymbholn  at uwvaten
tevel, and wrote a command procedure that asked the
developer a number of questions tneluding ibe mode
netting, globnt wection, and wet of diapgnoat{c tooln
ta he used,  The development  wvatem  han ftu own
Ibrary, which In n copy  of the runtime Tibrary
routines with the additton of  n rannfer vector

Heotfon, The  tranafer  vector for the Data Svitem
aneipgn routine tranandaten She topleal  wymbola and
RUOLOH the plotl Rectton  name  and  wode ot

aperantion.  Whenever avother mivilopged routfne  {n
called, the trannter vector for thin ronttoe checkn
ftn cnll mode.  Thin mechantnm han proved fovaluabhle
v eode development,  although  thevre are cervtain



timing problems that are masked or created by
running in user mode.

Using FORTRAN as our major 1larngiage has been a
problem because 1t is not AST re-entrant. In some
cases we were forced to write &mall rvoutines 1In
MACEN. In other cases {t was feasible to disable
ASTs for a short period of time.

CONCLUSTONS

We have becn able to take data and control RICE
devices through the new Nata System. Application
programs have been written for the VAX. The DNata
System Interface exists in the LCS run time library
and maps to the 3.5 Mbyte Data System global
gection.

We feel we have achleved our design goals of
flexibility ard hardware independence. We have much
left to implement in the wry of new devicer and
expanded simulation and dlagnostic capabilities, but
our experlonce {udicates that these extensions will
fit in well with our design.

The VAX/VMS operating system has provided a flexible
environment 1in which to work at e high level with
rrotection and synchoni{zation mechanisme. Tn
particular, running {n supervisor mode has afforded
the protection we needed without {interfering too
drastically with VMS operation. The AST driven
routine structure has proven a uscful and flexible
mechanlism for vhe over-all flow of control of the
Data  Syvstem, while the avallabllity of a user
written rundown  has proved valuable in cleaning up
the applicatton program’s requests.  Use of A Jurge

global seection for the necessary data bases has
speeded up the process significantly. The ability
to debug new privileged code in a user mode
environment has proved invaluable in adding new Data
System capabilities.

ACKNOWLEDGMENTS

We would like to thank Eric Bjorklund, Patricia
Rose, Phyllis Wallie, and Stanley Brown for their

contributions to the Data Syarem design and
implementat‘on.
REFERENCES
11] Schultz, David FE., and Brown, Stanley K.,
"On-Line Replacement of a Particle

Accelerator Ccntrol Computer," Troc. IFEL
Real-Tire Symposium, Dec. 1981, pp.78-82.

121 Brown, Stanley Y%., "The Use of a Commercial
Data Base Managemen’. Syatem 1In the LAMPF
Control System," IEF Trans. on Nuclear

Sc . ence, Aug. 198~ Volr—-NS—iﬁ, No., 4,

. 2302-2104,

[3] Schaller, Stuart C., and Fosc, Patricia A.,
"Data Acquisition Software for the LAMPF
Control System," IFEE Trans, on Nucleay
Science, Aug. 1987, Vol. NS-30, No. 4,
Pp.  2108-2310.




